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* Reduced travel time -> about 50% -

+ Passenger friendly and safe

= 30% more passengers
* Quiet

~> noise not measureable at time -,
= Energy-efficient > 50% less energy demand -
= Lightweight

body weight -,

) = = =t E
7TWCRR W& &L = 8.WCRR Haf & &l 2

= - Binim s =
(—) & ERRE AR 4R 25 & (Performance and Capacity)

1.zw3EH : How we have succeeded in regaining Punctuality in Tokyo Metrop?litan
Railway Network? (H AR FZH & 2 SELEL4E > 2010 RS TIPS 28RS 7 )

HAH GRS > S A ERERE - g &R 2GS E A/ Ve
B HAEERASG E R SRR By SR Y BAE R o B R 2RI SRR R
By TR RS TR GA L - ELE S YR B A SR > T LE S
AL - A IRE A AR TE P I > s G ISRy R thg
AR AR S5 B L P SR S B R IR e A

H AR R S o 2k B B R ERT @AY 5 B r] DUE R At
$iE > BT LIRSS AT DA SR - ERe b alla e Al - BEZRIRH U5 (E - (B 4ER,
FREVHERF LS —TRGEL  R(EERTEHIS I EERES - B G H 2 0 HAER 4R
FRRES -
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ARG A TR G AR - By T BT IR RS RO AR E B > A
NEIFEBIER > R R DA SRR Z TS R/ NIETE

TRV e R PO PP ER - (DIRAR(E(Visualize) 5l BEACHBAC B E Q) A BRTE
ZEfElfE I (buffer index) ZRIAFRIF LIRS N BERET T KBRS b T EHER
DFHETTEN T EE -

H SRS A \ﬁjﬁﬁzé%ﬂéﬁ’ﬂ FAREREESVEN AME B EER 2R Rk
> A1 SREEARER ~ PUBHSON ISR X eREUI T A B T sk R
R BRI ZE A él%ﬁﬁ%éﬁ%ﬁ S EARSETE - DU ot Ry s i (st
TSR -

(DA

FEHAEGELY 3,900 BAGFRIEIOKE - K T NSRRI - 5 HE T
IRHHE - Rl R EF RRIERTZ] > B/ N7 R 25 2 30 P51 - SHik
MR AR - HYEEAHRREY Ry 2 2 3 03 > HEEIEE ZIRE S © IR
SBOEER N - BN R IE AR VRS AR B AR EFT - SR s N F]
1M & e RARHIPRE -

Train demand for commuting

Lonhdon M Train
M Bus
New York W Car

M Bike or Bicycle

Tokyo
m Walk

0% 10% 20% 30% A40% 50% B50% F0% 80% 90% 100%

0.5 BB K A o

= =0

27 trains run hourly in each directio

10.JR1e bR i3 B3 » B LAVt ERER SR - HYIBARIRAY R 2 2 3 S
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(BRI F | B T LB

WO SR H AT LIRS SRR 620 EAARE - H A TG IR
(Japanese Railways) ~ FAE RIS HAE - RZERARFEHEE 200 ARMFIE - f£5 1
SR F fegtt 7| ER A THG R LA W ~ =0 (ARIFE B HRAVET - syl
LA 2,800 AR -

Tl "

11A1EEH 10 BREfE(ERER 20 AR Rkl

()R 25 A T

SR R PR By e A T B B T A AR A 2 AR 2 A8 1 PR Ry A 4 B FF
MER ~ BHEPIRE AN ERPASE o 5Ot M 88 51 B 5 A 7 B 5T 2 Ak R
(Through-service Operation) i F& - » {E 5351 B8 T B Ryt - A HoAth s A ]
FIER P S P S AE R T SR AR R HY PRE, » FEAN AR R S B e T — B
PRI AT T E MR S RERRIESL o 0 ¢ B
Tozai 4RAVARIERFZIZERS » 71 2007 FA - 200 (EfRF A% - R EHPg A F]
e SRR R R L R

- SrdAnrin - keoen

12.58 2 AR 15 88 (Through-service Operation) £ 5 5 A H & & FE 4 &
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Transportation operation

Total 1800
M First train, last train M Transportation H Women only car
M Air conditioning E Delay and congestion E Through-service

4 Drivers operation B Conductor operation
13 R B i e Z AR REIRE DAY R i %
(P EREMERVEIR

fREY Y BT TR S B E A s ey > A 0 R © — R B RRCE Y E A

T e rUEY | B\ S A B Y B AR TR - R R TT A R

RIEEHRF 21 B IR TR A A R DN 2R 2 R ] - AU 1 A A B R s |
AR Tt Al Ryar o IR S BRI 25 BR A AR ) S B3R 2 I -
BRI R 2 SR%E > B T ECE IR > &G T RGBT 2R LA T T 58
J& > AEA A IS A {5 B Re ] > 9B R RERA AR > AN s B R ek b 2
FRER AR EEUR TR R N — TR g -

FESR I g — SEER AR o SR DR ] R 2 T > SR PR
i 2 3, BEUERAZRR M SR BEE R R A T E R R - FREHY
SyECAEEREE R Y > HgR ViR 2 H S TR o 38 2 hik B AL A H P 5]
TR GRS - B TSRS BICEEZHHE AR BRREEA
BRI EFTICERE - FEH 5 ERE R E AR E LN - DU M B -

.__‘.:

Congestion & =Ra

. ’ Congestioﬁ"" \

14 FERERRIER & IREH AT R NS P ISR AR o 344
BHF AR IR IS RIGERES
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Delay reduction measures 1: Thoroughgoing operation

| High congestion

Preventing rushing and door-jamming

Preventing rushing onto a train and door-

. jamming, facilitating passengers getting on
and off or thorough traffic control of
passenger flow would shorten dwell times.

¥ B |
=

15 eV TTk IRk H £ E N\ BRVIRE R B AR - Al 4ERY =
FEVE A B HF ]

OEN A& - BEURuhi B RIEHE 45
HEE H S A PN R FEE - SRR R RN IR - 5
A 2 &LWXﬁi’]E’JTﬁW ’ %@&1%%%?&1 B > K H akgr
SR - B U URES AR - R BICGE R H SIIHEE - 205 | AERA %5
TSI AIER - D B P I4E g m] DASE R A5 B IR R -
Delay reduction measures 2: improvement of station facilities

Enlarging platform Altering stop line

Stop line

The second car’s congestion would be
alleviated by the third and fourth cars.

Enlarging platform would help ease congestion.  Altering stop line would help ease congestion.

& 16 FERRTR D ITA - S EIEERE - B A M~ B HIERE
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Delay reduction measures 3: improvement of cars

Cars with wider doors Cars with more doors

- ‘Train with normal dolo_rg .(Ieft)
w—TFrainwith-widerdoors-(right) -

Smoother passenger flow made possible by cars with wider doors or more
doors, leading to shorten dwell times.

] 17 AERR T VA - SEE S - B - PRA S R 2 E P

(O E et oIt
TS EERE T SRR RN E R EY [ REEN BRI

IS5 TR (S 12 4B Y FLRGER » BAE LA 1T R - IE SR R R R R A& 485 | B B i T 1] B
FEBE S AT » T AT (U (approach code) & FHA 3 572 25 845 MER AT - {3 A
ATC Z&R e B0 R B2 (1-step brake control) » #Eekat A 2 REGH -
A {ERERAE T — PRI ERR K - B AR —(E575E4R 15 (signal code) FHRRERL -
{5kl B RRg it ek » %71 B 7 2 7 B EIRES o Z2RTT o A SR UG HRg ] 5 FH — 20 S L P2 i 2 o
AT E - DUERAE AMF 1E SRSt - G RE— 38 - AR 2 51
TH@B@?Q%@%%@ZE@E%& FAVEEREE - BINEE Y AR G 2 FE SRR 52

2> AT ARS8 2 (A (approach code) 5 XUAVHIE » i Al e (L 5 R HES A & B o

Delay reduction measures 4: improvement of signaling system

— Brake pattern of approach code control =—

— Brake pattern of 1-step brake control

At high-speed approach

Km/h Km/h i
At high-speed approach
65 === : 65 —-====y d
! '

i 0
— 40 — el F3
At lowlspee: Atl . d ! . .
[ apprI ach Preceding train 25 as;\:;:;f - ===== \ Preceding train
[ - ] ] o TR and
65 | L o1 01 o1 | o2 J I es | o) @s) T o1 02
Al T Y
Stop signal Approach code signal Stop signal
weII time increase
1-step brake control
Approach code control —— 9 ==
—> —> —>

Subsequent trains can approach preceding trains and running times would decrease,
because subsequent train’s stopping outside the station or slowdown would decrease.

I8 IERRIR/V TT 0 B IREE AT

20



(NIMTF R B TA &N

SIS R E S H FrE 5 H 5 AR AR [ - B LR RS AT 2 1 T
(EFAFEEEVARIEE A M > 2 Lt tia H 5B TR BN JEEARTAH
RETER > fEHERGEBHRN - EELERNZIERE R - DA —I77%
[(EERIEG S ER - RS AL - —20R(EERE  S—2stE
TE IR Ry ta 22 M E R buffer index) » Z5HIFEWINIERE 0V AL & s BHR BIS I

R B E T4 s B e RIS 2N A B 15T R Sz ] e
AFERE > R AR SIS R o eE S M TGy (o] (22 R R e & A B i (i
FRARIEIRF 2SS 2 EIN) o BRIt a8 s ORIEIF% - BTG R AR
EZ% o BB EWEE (> SEY BRI - WA BE R e R B P E
BN - Hedh R AEIER R R E R - (E0 A - Bl S e R e P
I Z MY | R 2 B > (RS IEEIA 2 IR AR AR, - FI e H
FY = ML - RIS HIA R ke 25 ARVAERRIR 38 42 - ARRIE b - 4@ Se iR
AN RN - AT R A ] e = R R e SR o

BRfaZE M5 (buffer index) /2 I HFESI IS ZIMVIEIE - VI HMARE S
AR R > (B 2R ERRE R IR E Y - WL SR s H B A S L AR
DU By TR IR 2R AEGE - EALLEIE - STRUTAR ¢ (SRR
ft%bﬁ')/(ﬂiﬁeﬁﬁ -/ INEE )= B A W P TR ] o (RSB SR EHE RS 1 AR

B EREY R - At E FE -
Delay reduction measures 5 : Modification of timetable

Dwell times become longer

Station D /‘%7/’6(/ Station D / / / /

7‘/ i Wi

Station B / / / Station B

N
c’P o &
Station A \’ I N Station A

Balanced congestion

H|gh congeshon
Low congestion

*Express trains have a tendency to be more congested, leading to prolonged dwell times.

*Therefore, if we change operation of express to that of local during morning rush hour,
uneven congestion and delays would be alleviated as a result.

R A e ke L IR
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Chromatic diagram
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Buffer index - index to modify timetables
We need to identify “negative effect of delay”

Delay < Buffer Delay > Buffer
Station Z Station Z
Dwell time Dwell time
Buffer time Buffer time
Dgfay, elay
Station Y I Station Y /
e -
Minimum Minimum
_s'" headway ~ headway
<& & 5
& Y,
Station X Station X Speeding-down or
waiting outside a station
If train 1’s delay is less than the buffer If train 1's delay is grater than
time, train 2 can arrive Y station time, this will lead to trains 2’s slowing
punctually. down or waiting outside a station,

resulting in a delay spread .
23 ER e 22 IR RGN AR 2 51T
Buffer index - index to modify timetables

Index to quantify negative effect of delay

Station Z

Dwell time Buffer tim:
40 sec 10 sec
Station Y
~, Minimu
’_§ headway Q’b
70 =
<& 2= &
Station

Interval 120 sec

A buffer index (BIl) is calculated as follow.

Delay (Increase of dwell time) / buffer = Buffer index
I

20 sec 10 sec = 2

So, if Bl is greater than 1.0, this means that the delay is affecting the subsequent train.

24 BRI 315

(8) A2 Tozai Line ZEZR B

Tozai Line ¥ Nakano F1 Nishi-funabashi HEUERTETT - &2 30.8 A HEE - /7
FE(E Nakano HEIEMY JR 48F014E Nishi-funabashi 15 Toyo 4% > iE IR 4R H SR F 8
7 1,302,000 i 75 BRI HF ZI 1 R 77 [7] YRR AR B R 1T » TE BRI &3, -
AR E 2 2 ] 199% -

& Tozal R{ETHIE J7 [0 2 BE4R > RSCEMFOET T » 5= 8 Bt » &=
O AT B IE B AR T - 48R AT 7y Bo (5 B B IR ] ~ BRAZE A eI Lot
HHE 3T+ BEFME IS R HETRAVHIES - /1Y Urayasu W57 Kayabacho k2 [ » H.
SR SR T RO s o B EE R R AR GR 0 /0 Y Nishi-kasai 35 A
Minami-sunamachi 552 [ » PRYER ISR > HEYHEERR -

PRI ZERR AL S R AT I i B e I 2 B 5 P A A Sy [ W 5 T (R R % B 2
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{5 BT R A SR R e Ry W T B > (UG 5 25 U P A 17 {0 P e o R i
ZEFVVERE - [FERHEIIE S H 68E R ERE RS PR BT - Rk
BTN o S S B EER T ABIEE ATC - A W & B {50 & Y
AT LI (approach code)

—— Direction A «— Direction B

Local

Commuter
Express

Express

Through-service operation with JR line Through-service operation with
JR line and Toyo Rapid line

Commuter Express runs only in direction B during morning rush hour
25.Tozai Line {748 SR i # & W i IS Y [ 35K - 0 R oIy AT AE S -2 28 S o7
§# > 2007 FEHEAEH 200 (ERELEALEAE

How we reduced delays on the Tozai Line
To reduce running times

(RINRRIFA| {

Approach-code control

26.Tozai Line ZEz=/V 774 + FA AT LIS (approach code)

How we reduced delays on the Tozai Line
To reduce dwell times Change Express to local

Extra staff

Modify
timetable

N ~

Wider door

. ST
PR TETT N

.
. NN,
iter?hgstbp— line
2/ 2lalslelz|aloli0]

i

27.Tozai Line MERJ/VT5775 * WEINA &#HE ~ B2 ERGEE K EERAE
OB HRE

£ _EHTTEE % » Tozai Line IEBEA RO » HATRIFFAVENE H#E
B H SRR CAE T T R E MR > AREGE
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2.5 FEH : Making the case for a whole-system strategic approach to reliability
Improvement (including reliability modeling of a specific line)

(FIFSRES T AR RS T SR - BIER R RZ M SRR E)

2007 FFELE SRS FEFE TN - AR 30 R IR IR AV TR KA IS - ARSI - 85
PRES AR BN IE AR IO o & I LLSEE P 52 F 4R (West Coast Mainline) £ - 8
PR T SENE SE E E2 E(Rail Technical Strategy Leadership Group, TSLG)AE R E 24
AT SEERE A (system reliability model) ACHR 22 & 481 T 2 HIELBE NN > RLE B a] 58
FEE S5 BRRRERSE i 5 S i - PRI L — B¢ Euston 1] Nuneaton/Coventry 2 £
PRESGEIEAY » FREEAY Y A SERE AR -

(HESEEZ EfLfEE

TSLG B w BRI E L ] SRR - YRR RS B MR i
B EEREAE - (A0 - (R RERER | > A B/ DI K /DG 7y Z sk 7 %/ D3
ER NSO ? 2K - EMER AR 1] 5EE - RIPR SR & A & IS
BT - BRI AT SEE RV ELTE AR BIA0 T - HUMYHAEITH - EAER
RARE > ~ SR B 2 VAR - RGBSR - YR T
ZEsg A EAEEIE > B0« I ER B S A AT AR IR E A 2 51
s R B ISR - AU B EIERR - EN N IR EN R 2 A ? EENMEE
T2 A7

QBRI Z BALIEE

TSLG MLEA SRR A EAME AT SEE RINAVEREEEE I R EPRZE BN SE - A
FHERURIE 7377 (sensitivity analysis) a0 A 4 47 500 HH 4R (performance curve) » ZREATE
F AR i ] SR AR W ARRAY SRR B ARG E AR (Moving
Annual Average Public Performance Measure, MAA PPM) ° {EJ&/ D ESNEHEE |
HE F {5 P e (TR P53 75 7% (optimal preventive protection) » il ] SRS N EHE
ERIR EAE - 5 : FIHEHEHRZE - EREERE - i AFIRE - BAlEEE
HERE - RRARZER - #HERER - R ERERHERNE - FFARRZRES - [FRFHA]
PSR AT BB REA RS 4R - i & BUE L FE + T (sub-threshold) FEAE fH (ERRME K
TABAE S BC S E A 2 P ~ B (P BT o (R A SRR ) ~ A AR
RIS R CIARA R AR By 2 A TS T A R A P R ) - B el e R A -
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=C=Fast Services - 2010/11 Existing Railway modelled

== Fast Services - Future 120s Headway Base Case

== F5st Services - Future Fire Break Base Case - minus 2 tph

Percentage of Services Arrived (%)
5

10 15 20

Late Aot Wit P | lateAvwalsOutsidespM
A 3

MAA On-time Equivalence MAA PPM Equivalence

Journey Lateness (Minutes) at Destination or Exit Boundary

2815 2 MAA PPM Hi4R » S EIFIEEFEA E ~ K KR MAA PPM 4%

Existing Future Target .
Preventative Category Incidents per Incidents per B e L s
MTBSAF, MTIN
dawy dawy

Rollingstock (S Fa8 20,000 (mMmiles)

Infrastructure £ 1 17.67 (hrs)

wWeather, TEW s 2 7.89 (hrs)

TOC/FOC Operations 22 10 1.77 (hrs)

MNR Operations =] 5 3.56 (hrs)

Unexplained - - -

20 BURE AT ZE - RAAEY | B EEIIEAYIEDN N RN BB E R

100
S 94%
- . r’*____‘f-n——“'"
S a —] iy
= 8O 83% / pe——
= e
@ - =
= = i
= 60 / il ~ 68%
w il
=] 50 / /"/
= 50 / —
— r e
A 40 o
= _‘_/ == High Capacity, Poor Performance
[T I— s
an 30 A =s=Reduced Incident Scenario
=
5 26 // ~ Reduced Incident Scenario + 'On-Time Railway
[=3 k
frs -~
& e
-5 o 5 10 15 20

Late Arrivals Within PPM —

MAA On-time Equivalence MAA PPM Equivalence

Journey Lateness (Minutes) at Destination or Exit
Boundary

0AEEA SRR E RN SEREFIRAYEERERER - $271H MAA PPM {H
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Q) FTSEEIRA 7 B8y

T 7= FE BRI EE 4R _E > {51400 Brighton Mainline {3 F7 Al SEEERERI 734 » I H
BRI RPN (E F OB TR B (E - R BB G A
T EHATEEZ g A0 PIEIE F ARG — S 2 g 5 8 TR (E T4
I 8.5 JriE o RN REZ G —SE 23 o o BB AERGNS R I
B A WARI RIS EA SPHYMKARRFHE] M AT SEREEA 7 ST+ pR4R
WERBE - TR B - R RSN A G G IR B - FRARE
SR (RIS - BRI S

OISR - eSS LRI BERIAR RIS R R B R aR > B E
AT NBEEURR RIS IR B B 2 B4R - 1 A SERE R AGRT B 2 s 22 - It
Hh > FEIET %&ﬁfﬁ% EJJ b BEREERER R EAEREZ A AT REEGE
R ] SR~ A TR SR~ BRI SR SR H S 5 2 5 I S B (= R by
A8 DU IR RYRE T > eV AL SR 8 R m] SRR > 2 A o (s A3 T3R5

(D)3EsE ~ HeERF1EEE(Signalling, Communications and Operations)

1.583CFEH : New Train Run Monitoring system: Getting the most out of an ERTMS
Level 2 Signalling system
G EEE I 247 © RO FIFHERTMS Level 2558 440 2 (BEY)

ERTMS(European Rail Traffic Management System) » BN ERES AT & HE 47 -
FHIBOMN S Sta0 O A HA - 2 ZPS RN - 1996 - HERE(EU) I FE S ES
BEHUIOMIE 79— AT HEZERIE R 240 - 8% ERTMS %4t » ERTMS &%k
PEsREEREd] R P E TR g - JL[EH L H — S LS BT E RS  FI ]

AR E TR » HATAE N ) 7% KT ZEET NEFTR) - SRR - s
HREERG e AN E > X3 Fy Level 1 ~2~3 ¢
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s |
U

| | |

ETCS GSM-R ETML
(EuropeanTrain Control | | (Global System for Mobile (European Traffic
System) Communications-Railway ) Management Layer)

3LERTMS FZ=KRT 54

(DEAFTER S KBl

Rail Net Denmark 72 T S FH R EE AR i E B BE (L > H R Z BIOMN SR ER P& 4
(Trans-European Network, TEN)AY—#B{57  FHARSEES P& 48 (0 15 R EEHERS 47 (F-bane)
Kz CPH & 43 (S-bane) * = FEEEES 4R (F-bane) 48R & 2,220 7N B » 45% F 80,0 21%
ERAL > F e HE A ] 180km/Mh > 5 5 R EERIERR AR K 3 R SRR 4R
BHEIFIHEREER 1,900 - §FHEBXEEYHERZE R 80 5 CPH AP EESLR
(S-bane)E &[T 169 N H - FHERFIHIRE L 1,100 -

322 BN S S ES 4 (Trans-European Network, TEN)
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M(altslrna! strashkn |rlgsha5t_lghed
90 Kmst

= u0 kT

e 75 kgt

— 50 m/T

SO ket

&l 33. ﬂ“féﬁﬁ%ﬁ%zﬁl B FE R B RS 4R (F-bane) K2 CPH QBEE%Z%(S bane)

Gyldig hedsperiodea:

QF IR B SEEE R ATH EE Z PREK

P 60% L ERVSREE S FEIRE B R E SR 1 2 10 £ > ATC
AR A I 2020 SEATER - FRRERT 10 £ 12 FEFTAVGERS - EEGE
ZHEES HOvE BER RS - 1 20-30%.2 5Bt E HREE 2 B S |
£ o

banedanmark

Service life on signalling asscts as pr. 2020

- — Servics life notexpred ® — Service bife exgired —— Mo fine Llock system Loday

[ 34 FHEEER SRS - SROARRBEMFER - A EARDTBEFERHER

29



CVRE S - 18/ NSl

SR T R 2 atam - — R KiR e O E
ST

B 28 S Rt
TR o PHREIEAESE 2000 FEE SIS R - (HH

ERTMS Level 2 % 4t 1E & B0 B P8 49 (F-bane) I ke {8 FH 78 &1 =X %1 B2 428 il
(Communication Base Train Control, CBTC) &4 4T SF A ISR AT & R 44 (S-bane) -

2009: Choice: Complete renewal

* ERTMS level 2 on long distance network (F-bane) ——

* CBTC on Copenhagen Suburban network (S-bane)

First complete network
wide replacement;

No fall back systems
"Mature ERTMS systems”

‘ 2009 ‘ 2010 | 2011 | 2012 | 2013 ‘ 2014 | 2015 ‘ 2016 ‘ 2017 | 2018 | 2018 | 2020 | 2021
I I I I [ ]| I [ I
-bane Procurement Design Test Roll-out
(2,5 years) (3 years) (3 years) (4 years)
Shane Procurement Design Test Roll-out
(2 years) (2 years) | (1,5 years) (4 years)

3SFIEHEER SR EE R BT

W EREEERE LS

B AR E HI 2 E Ay RS RS RISt TR B
(R - T IR ST 2o MU R S S T » LAy e o,
118 TR S R i S R MBI )~ ESUARR ~ IES R
B St 7355 » T P R L DA B T P e B - 3
ST SR > i s EUTI E A R R SH I SR
= B E R R R B B A BB RO - FLE
(FRBREPZGRDS) - E 1996 FRHAER  BETHLBELN » thAHS AT
EETHSA (RS © FIREATIRE S 2ok  AESE ) » WS UIC BT » (&
1S A S S P L T PR o
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36. PR B AR BE R B 245

RDS Z 4 G ik 51 B 3 17 i S B0ORHR1 72 Bl i B TR IR 25 A& KB 3 (Data
Warehouse) » {3 A& 247 (Traffic Management System, TMS)3R Y ERHEr F14 N
&K} i B —4 )1 Enterprise Service Bus(ESB)AZ#A » [ F-bane FI S-bane HY &
B 2K B B —& R - —E5e AV HEERE LB AR AT A
FEHERT  MAPTA PR Z M WE BN T S R — (B e S (E R R S P
R 2 R o A B R T IEME RS I ] SOt I E R B S - B ¢ AE R EE ik
B P RAA] 7 i AEE ey R Y B (fﬁ%ixﬁ]?ﬁL*ﬂ%ﬁl@cﬁﬂﬂﬁaﬁ)

RDS Z &7t & A i o FENF AR ERY - FEEE A RS
B4« 7% F-bane Z: 40884 2 73 59 b S AT S-bane Z &tk 1 77 59 F) o (HALLF5F
EREEN TMS RIHIH » nlEE A Tig A 2 S - fla - SHE A
TRHBEERE ~ WETHEE ~ DI HER AR B 28 SRS Z BaRuE RS % -

Scope of New

Punctuality Monitoring System

Aggregate data
Not data generation Follow up system Not Bl
Output: Train run history

- & Delay reports

Focus:
Data generation Focus: F%aportii /
Causeof loss of time rHng
7 s Business
Train run history deduction_) data Intelligence
:I9 of cause aggregation
follow up/ Data-
Train run history edit / H>{ ware-
review house
F~bane Remedy planindl. data-
cause of reschedul. aggregation Bl/
R anaysis
Foreign
Railways msu tools

& 37 AEBEAREDHI 24 (RDS) 2 I REREAH

31



(5)S-bane FR4RBREIRF B AERR 2 J57k
{#E /] CBTC SREE A &L S-bane f&4% » pa BRI B AL U2 B 8- H Eh 400 HE (T
H. S-bane #Y TMS Z:45¢ A {HURS | H AL TJE S B RPN — 2 F AT AT e A B s R [
» ZAEE A B RRIAERE IR B1% > AITEIREE e B g0 - Bl - & R
il ~ FEEGEZ AN - BEE NI LR E - —ROERERRAY R
PRI — Ryl Al 2R B&'ﬁﬁu&&ﬁéﬁw Faﬁfe?gXEjZ@IﬁE’]ﬂﬁE% K Al RE Ry Y1 H

R TR KIRFTAS T 2 SREE T > BRI FI SR e EDRER IR iR —
TR HENPHER ZIRAFTERE - SRRV H M S -
EARIEE AR > SR E G ECRSRARN - Bl G EBIEE Train’ s On

Board Unit(OBU)HZEFSEEEZ4T > —AGREGENEA  IRENR ~ HFINERE - &
s HLANEUR BRI R > 555 S8R B BRI ELHY OBU » ZOKERHTERRLFIA -
LRI - B Bt G EHII RS A > FORHER IR FIA -

o

Process for identification of =
Pardld processi train
cause of delays, S-bane Scope: OBU
Train arrives BDK network / Train loosetime between F Delay occur
depart initid station with delay measuringpoints fortran
| , | )
FReason: passen-
B @ ) ger.train bresk-
AV @ D -‘1’ down, speed
Ahead of 7 Full signal aspect restrictionsetc.
. timetable Restrictive T
Signal aspect MNot only due to
- - ‘ted‘lsr('lic:ﬂ Criver enters
X @ | circumstances = reason
B | ~N ’ﬁ\sﬂ
Cueto tran N
ahead / crossing t:*h‘?t:a Reason Train contacts
train path Sl unknown e
circum- T
@ )k @ stances known E v
by the system Train ClCstores
- contacted reason in train-
Trainorder || Trainorder WV run history
etc. changed asin CTCenters & e 1/
(dispatching | | timtable reason Reason
or disp fauit) B O known
Reason: reduced Reason: kown
functionaityin circumstancessuch
signalling system as spead restrictions,
[ possessionsetc.
h’ Legend
2 € ‘ Automatic process ‘
Entire delay explaned m Only part of delay explained |— Automeatic process
I elab. with manuallv

& 38.S-bane  FRBEH R AT RIE
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(6)F-bane BE4REEIRYEAERR 2 J7 74
{#FH ERTMS Level 2 5855445 F-bane » FRIEFIH LR B LI ERTMS B
BEA 2 B 245 MEEFTHFEReschedule) » & FFRF I EHBER HEREARR 7.5 7
5 - HTEV RS i A - BIHEA B EhE R BRI - SO Ry 3l R 48 (7
#54H (The Operations & Maintenance coordinator, O&M) » [ 4H & HE ¥ = HEE 18
12 B{ESFRETRLY 20 7

Cycle 20 seconds
Trainleavesits path New train is booked O
L Timetableis recaculated J
(remedy plan) Sgnatur
&, Automatic process
Causefor recaculated is know ,
Automatic process
eab.with manualy ||
Causeis know an registered in train history entered info
ScopeOBU ||
Change of V
responsible party .| Distributionto owners Scope TMS
(RU+inhouse)
_ v Scope RDS
Commenting RDSDatawarehouse
fromfollow-up N Scope RDSfollow up

39.F-bane ~ FRBE [ R 17 A2

Cause of delays a measuring point

F-bane * Sum of new timetables
Szeof delay Rescheduling |
. Threshold
Measuring point 1] — Rescheduling 1
If time-loss/ gain
Measuring point 2 exceedst 7,5 seconds,
train is rescheduled and
Measuring point 3— k—— Rescheduling 2 receivesnew path.

tlmedlff unexplained)
Delayat measuring point, rescheduling

Measuring point 6 ’j\ /t /t (time diff. Explained)

Delaysdue to
rescheduling3

Mesasuring point 4—+ ? Rescheduling 3
Delay at int, escheduli
Messuring point 5 aya measuring point, no r uling

Delaysdue to Delaysdue to
rescheduling 1 rescheculing2

40.F-bane ~ EEHHHE AR
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FHEBIE S — (B E 28 ERTMS Level 2 5555 240 M HUREE R 4R0T88EE
q] > FFZEIR G T TR T AR - EAEEAITT AT R
& > WY ET BRI — 347 7575 - FER I Se B RS B 1 TR Skt
1% - FHEREEIEAIRRRE IR S 2 (RS AERR AL > RAAEHT
EEIRE T REMERAORREAEREH  FHREERIR BT - B
HEGAT THIREEHT (I KB, -

2.5 8 H : Multi-carrier Handover Scheme for Railroad Communications in 4G
Wireless Networks

(FRBRAGHRE SR AT E 2 2 B i E)

AERRE AT H A 2 > GSM {ES B HIEA F GSM-R > ' #HE 2 R B
3G B 4G HUR - BEZREE (S LB B AP IIVEERELE: 4G (U382 > [HEEFRFR GSM-R
AP S HEL > GSM-R S2[E E A {S48(PSTN ~ PDN -~ IP)ES & Rl - B150
HE R ZE TR FL 3B - 0 3G AU AR e » NEARE]
BRI ZA 2 a] FEEK > UIC MR R 3G Fflo A 38 e - Rt - GSM-R R
EHLEE] 3G > K eI BEE Rk E] “#E 4G” AV LTER » N a[7%3E LTE & GSM Ji%E
BfH H AT S AERE a8 - (E3GET LRREREE B TR B RISEE  BE(S LTE
4ges T DUFR L GSM B S VBB EiaaE ) > AR B AR ARSI - {H 5 21 10 4F
R ETREEU GSM-R © BB 4 i HRH RN BT Ze i B aIeT » 37— (U1 B2
HilFe ol it > 2Bl nT SRS CEEUETE - 28 i Bl = RS - KRR
SRR BN R TR AG TESRERIE R S Rk S R e

(1) B TEBPE LR ARG
1.Analog Trunked Road System (TRS) > JECLEHPAERES 248 - B M EE 5 {3 -
2.Terrestrial Trunked Radio(TETRA) » ] rh 48 =04 4R 25 - B @R 2 IS RHEE -
3.IEEE 802.11 based WiFi » &~ IEEE802.11 57 ffir. fE&R {5 -
4.Communication Based Train Control(CBTC) » #zR=CF B2 -
5.Global System for Mobile Communication Railway(GSM-R) » $#8F& GSM FE4R (S
6.Unlicensed band » & AFZHERTAEA -
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(QGSM-R {H#45HE

GSM-R FsHIF Packet By EBEHY R ARARAERS EHin - B A IR AR 4R
Eof e AR S 3 2 3T © LTE(Long-Term Evolution)F1 EPC (Evolved Packet
Core) i Fe 4 % 2% » H4gpEPE g 45 i ™ & ¢ IME B %5 /& (Value-added
services) ~ EIRENE IhAEE(EIRENE functionality) ~ GSM {H#7& (5 F 2 1458 & (GSM
enhancements for railways by ETSI) ~ ETSI GSM 88 & (ETSI GSM functionality)

» Dynamic group communication
* SMS to functional numbers
+ Advanced dispatcher solutions

Value-
added
services

Functional & location-dependent addressing
EIRENE « High-priority call confirmations
functionality + High-speed: 500 km/h
S

Voice Group Call Service
GSM enhancements » Voice Broadcast Service

for railways (by ETS') + Enhanced Multi-Level Precedence & Pre-emption

- All functionalities can be used with GSM-R
ETSI GSM functionality

[l 41.GSM-R 2 4dp& P& J=' &t

7\

7\

(3)IMS %4t K 1P 48E&

1F IP A 1AE T £ 45 (IP Multimedia Subsystem, IMS)HIRRFS - {8 F & 25 (UE:
User Equipment) 7] 77 #5 ¥4 04 61 %5 (eNB: enhanced Node B) ~ {T#EhE #E & T (MME:
Mobility Management Entity) ~ {5l #5328 75 (S-GW: Serving Gateway) ~ PDN ## 756 (P-GW:
PDN Gateway) ~ E 5 Jz Y & £ FIl 2 g 1= #% (PCRE: Policy and Charging Rules
Function) ~ 2% Ji 5T it Ak E3(HSS: Home Subscriber Server) S #iEgG a5 > 245 IMS

IP network
(IMS)

42 FIERT IMS Zee 4K 1P Ry (AR R
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(4)LTE 48 {5y

£ LTE 495 T » (s FI& oA FI E LTE-R 2¢ WiFi fEH G 2R T4
SCRUEERS > EFEE LTE-R EHisiaCH Wik AP - E#EsEI5 & _EAY LTE-R BT
fifi#5E (LTE-R Onboard Unit) » LTE-R EE C{EHG4EE MR « FIHEE BRI HHA -
LTE-R #RE4H%E » P B oS EMes s LTE QeRsavesiscy » ZEdld
BFE © FIHEIESI RS - Z2TERR - AR -~ IRERE R5% -

Wired Line

43 FIFH LTE $00i7.2 sEs s E s 4t

= —

Train Control Safety Provision Communciation Passenger
\\Control Ccntci/ System System System Service System

Portable LTE-R UE Passenger Service

| - I”V | 3
f I Train LTE -R
%- . ;?- ) Management & Communication
$ % WiFi AP Control Module Module
@ A [ ]
Passenger La—

Terminals WiFi Terminal

44 FIFH LTE 0072 $0Es am st dE s S i

(5)LTE-Advanced 48R&{E# SR TS

LTE-Advanced 2~ & 88&(Carrier Aggregation, CA) » SRl FHEF 2% B4 1R 18
B EEOR G - FEIE S BRI - 72 100MHz BYARE T - A PUA S (E5
EteZ #o > WFE &M@ ITU Fl IMT-Advanced F& @)~ IR EK - CA
ZFESEA * Intraband Contiguous * Inrtraband Non-contiguous  Interband & o
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Component Carrier

IR

> |
- -
100MHz bandwidth with 3 component carricrs
45.LTE-Advanced &R 8 & 2 il
Component Carricr Component Carricr Conponent Carrier
-« o +—
| \/ \g N N 1O S Y A T
= > 4 > —> ——p
Band A Band A Band A Band B
(a) Intraband contiguous (b) Intraband non-contiguous (c) Interband

46. 8RR & 2 T

(6)F FAF B A& i VR AH < (B 2R

HIEEATHERT - FI RS B i A 1% Ui < e UL AH AR (e et » Sl {58 &
R AR R & 7 2 0774 - B Al R AR EECE H B S & (Target eNB)
(Bl 2 &ER > R R GRS Al 5 Rkttt & (Serving eNB) &2 Eall > HamafE
éﬂﬁmﬂﬁﬁ%é%Zé%E%Ke JH BTN © NAS ~ PRC ~ PDCP ~ RLC ~ MAC ~ PHY »

VA R 1R I R 4R 2 4R PR Jeg FH i ™ &% © Upper Layers ~ IP ~ PDCP ~ RLC -
MAC ~ PHY -

oo T

\ Comimun cai:?i O /
Rt x“‘x.‘_x Module Front
Pl o Y. Ant
= = & —
R Upper Liyers A INAS
;S IP N / RRC Y
PDCP i PDCP
S s R | L. RLC |
W MAC \ MAC /
SPHY S S PEYS
l During HO ,L
Rear Ant. Front Ant.

475 B BN 2 (2R
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4G LTE fiE4 i sR 17 B T —RAY GSM-R %47 » LTE-R gt FEIHEHR ARk
E B IR AR > BFFEEER LTE ﬂwéfwﬂ%w%gl SRR T A TS
4 (NN AR & DR G T A e 5 - P A2 O B A Rl 2
TREEZEY « 5 THE F'Eﬁéﬁsﬂsc%!l m‘laﬂ%ﬁ@ﬂn%%ﬂaﬂ%\;ﬁz&ﬁ
T34 58 E R HE B EHSE -

E) &G HER(Systems and Information)

1.8 >C&H : Increasing Stations and Junction Capacity within existing infrastructure
constraints

(ERRA ZBEHER G T - IR RN G 2 R ER)

S ER SRS ERE YR RNz - Hs g 2R S AgEiRE (4R AT
R FIEL) - AR A BRI IR PSR ROE B - B G A BRI E TN
FIF = W52 - AT R ERIEUE oA RS A RUGE R 2= ] - WFe oAl
FHZ R 4R TRV E Fr &R} » S5 R BB IS HERG = I 23R KLl - 1 REFEnmh 38 A8
i LR R HEESAR A E 2 AT REE - A BERGREE S 2 e K E(L
HYER} » LIRS R ER K EN  MHRGFEFTERE » a0 - S AR - 51
USRI ~ BB IFZIRPRE S - FERGAI R L TRV E R RS
EAHAIH - AR UIC406 2 #7% » #rEpsai A HFEEECUD) -
Extending the CUI Approach

lllustration of General Technique

Distance Distance

™ Time ==
A B Time

Capacity Utilisation = B/A

48 B4R FHEAL(CUD R BE 4R FI G T
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(DTERTE B REEIRE T - SR LR EEE

H A\ %4t B B b(automation) iy - H B b la n PR e I REA RS L - i
T 58 A 538 B PR AR S B R/ N RIE AR - FRH BRIl B0 A © FIFH S s T R e SR A BT RG
(FRUEMIBSSRAT G ) < B EAHE - FIH RSB T Sa i 2R &R - £
FIRACEE Ho B G S ENERE 2 VB TIRD o JCHAE TR Wl /NS 1Y i B2 e
M FREFAHAYACER Y R B R 2 PR R S IS 4 2 24T » DL T i TR [ A R0
M S FET PRI 22 1T T

BEAN R SRAT RS AR ZEZENG - ] B s AR (RS SR A B s AR Y BRI 23R - 453
PEARIFSHBIRANT PR A LETRARS 45 22 R » Wik DS 157 IR ] R g Ak s
TR S - (ERSERERRNY - I REI S R 22 4G B MV F I B R 15 - ISR A
Job Shop Model with Time Windows 7 I i &5 {578 (51| Ei=Job ~ §%#% & BE=Shop * ¥ E
M Eh=Operation) » I IR AY AT [F]51 B ARG R 2 TR B &R 5 B 58 > (D
Bk - EHEE - EHEE -

HE e A = fJE Y © Hard Time Windows FZEF|HAEERIKREZIRE -
Regular Time Windows T Z2F]HAEEIR R AR > Soft Time Windows T %Al FHFE
EIEART o B AR n e S A P R ARSI D L -

()R E B 3% =V A (Heuristic Model)

B s S B E A R AG B (A - IRV HI s I R R D RS 4R 22 R A
oo WG X BZE R PSS T IR E M2 A U7 % (NP-hard,
Non-Deterministic Polynomial) % ZEA (M - G40 : FENIDESIEEHEDE | > f AR5
BREE B % - DIEA IR IR AR - BEE=UEAN A Tabu #0500 RME K
FIFH CPLEX it A i/ IMERR SRR B 8

(3)SE R BB it 2 A

SRR BRIt > R TGRS AR B 2 A AR IURE - ARV RIS R R
HE S B o B0 - A E MY £ B 0 90 PPRYSIEESRSZ LAY - (B
Peterborough A1 Huntington F&EERT » SZFRIAMER W R 8 2~ BEERIRE] » FERF LR B8
P& LR TR AT 25 BB « (A © N s s es - (EA R BB B8 2%
TURR4R - 2285 R e - (HERS A B e iy - (B S i 2 R & H i
VLRGSR ©
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Extending the CUI Approach

Scaling Up: ECML Huntingdon - Peterborough -

£ u et Kerw uxtey Snivr)

J}fﬂé R " 5"4‘ = - /"‘—m{w// [ e Piercags o V]
Covegion L (L= n’ ;I
v i e f‘*‘ g [
e SO
= — 4 = ) i
e et L =" \a shuq b P s b
- e A u_-;_-’i' = g {t’ Essgony e gil 5|
E

49 1F Peterborough #l1 Huntington & EER » NEE = 2Rl 2S
Extending the CUI Approach

Scaling Up: Peterborough Area Detail

& 50.Peterborough EELILGfI12E & AR i 23 1% =~ B 28 &

FEEWTEEHTIE AT A « TR ZE A R AR KRR BT HE ~ EHE
AR - AR DS AR 22 IR 2R - HAEE ] SEFE NI IR 4R B 2 BUR
BT, - SN EERI(23%-26%) B AR ZERIFI R ER © R E(CEE
o Rt AR MR Z AR > SRR E R 2R n R DY B AR ] - A
A TURRHIER SR > e PR AE SRS MIERES - EH RS SRR TR - B
RZEHN SRV EBIEEEAIRE > FRIEEIEE BT b A & RE(HRL
B
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2.5 REH : Innovative platform for interoperability of multimedia applications on board
trains paves the way for better services and new market perspectives

(FE_EE B2 HERANE A Z AR & T TR (LB AR B R T 5 Rh)

BB IE R Z BT S B O R 2 2 e K B R s
b B sk B s BB a3 (CCTV) ~ ik Zm ik ~ BEBLRATEHA
SEE AR - SIS E N B E R RS - ARk DL EGYE L sm H =
Himeas - so Bt as nT R e 5 | B R R RN 5 B 2 e AR s T He ik i b
4~ IS - R EWCHERT BB AATE N BB RE r#ERE ETEARE
AR R S B0 ~ B EEAHRA IR Sl iE N S & A2y |5
S E Az - R RIS EARARRERNE, - SR N B AE S — IS REIHRPR Y [ R - Bk
HENZERGIER Z HEYE » SRR RS [ N RS F 1 2 SHE A

.

Video surveillance/CCTV

)i

Train Operator and
Maintainer Orientated Services

Passenger Orientated Services

SLE EH BB HREER 2 8P & Alie ft 2 ks
(R BRI

WS ZH EH 3 A 2 B ih - R A HRFERVE AR > 6h=
Boltt > 2By E EEREE R TEARE > MEERGAHE S - a3
R TRIHABELESNFGER W AR AR S KEE A S
MBI By TS EERE - S MR AR LV B S RSP EEm -
HABRLFy - FIEEALEE T - fEaeat s B Pl - B{EE - Z4eHIEE
% > ZBENMEZ T > B ICtF S AR BT AR A - X
TSRS EHEBI L E O B A P R Ay - DI REEER L - et - Uit
T RHER - BEREALREtH Rys AR RO e © ARER EAF T RBUR ~ L ERITE S
FAORHEEER AR ED © WTFEIRG Ry Rl ~ J57A B -
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Projects Results:

EC-ERA

z

“ 0 Policy
7 Directives
5' TSls
) Railway packages
W
14

Standards
Technical Reports RAILWAYS Strategies
0 A Methodologies
A & Technologies
0\5‘“ D - 6‘64
Sl K
N
S

CEN - CENELEC - ETSI

ERRAC

DG-MOVE - DG-RES

S2ECHHERE E O SR P e e I = KRR« BE(L - Bk - Ui

QEEZEBVFELGAE
i LR IERE > o7 RVUSH © CCTV ~ BBAITE NS - iRE - e
ANE - ERBlletse - o R 3 M B Rzt © B Ridalle @ & ME R

TCN STACK > E#afg -

A service oriented architecture

Application |Application | Application |Application
i Category 1 |Category2 | Category 3 |Category 4
CCtv Driver & Crew| Passenger |Operator and
Maintainer
IEC62580 _ | seniice Service Service Service
Definitions Definitions Definitions Definitions
U Service-Orientated framework
Communication Profile
[EC61375 TCN STACK
(ETB-ECN-WTB)

S3. BT 6 2

42
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Q)& R A
Ak s 28R 1 i By riES IR - (Middleware) » & B 8 /E (Application) FIHH (5 &

(Communication)fy =771
H RIS M EIRRE. - SREIRIE 2 IR H Ry HE E 2 &

S AR LA R B St » I © BRI ~ FRERYE ~ AmITSHERS - IR XML sBE K
SOAP-WSDL ¥ #iiia - FeAtadpg ik 7%~ s i (Devices Profile for Web-Services,
DPWS)Z o
Web service (WSDL) Web service (WSDL)

—

= Service = Senice

— provider . ; — consumer

f— — =5 senvice request

,j:‘ service response = —

T

———————————

__________________ “.__._ | The Middleware | “__ | The underlying
The Application i | exchanges : ! Communication
performs functions | i messages based i i transfers the
and elaborates the | I on XML-based : I envelopes
i | requested information i | format : | transparently

[l 54. Z B2 B Re T 5 B AR (A

» 1538 Web service(WSDL) & XML ¥, » fEIREHEAE
SRS > BIFEZ AR 48

—————————————————————

Drevice (FT)

Advertized by

dToesdng service

IHosred semices

Drewice Manasement
— GerlCapabiliries
— Geillevicelrgfihrmatiio
—  GefSrope Paramrmne ters
— Sirmnwore lipgrade

Mieta Datz (D)
f S N

Advertized by

AT EIE-Ire services

Aletadata exchange
— G
——

Mhiedia Control DA
— GetlideoSowrces T
— Adodifi il ideo SowurceComnfig | . -
—  SdoreNd e iccas iS5 frearrrirae .

Inmaging AT
— GetfmaginoSeftings =
— SetfmaoginmgSetifrass I sE
— AdfoveFocws

PaneTiltZoomm Control ™A
— GetConyiguration . -
—_— C‘on{:}zufwﬁfo»e F‘?’b
— GoroHomePosition

Device TO hAD
e 75 -

GerVideoSowurces =

— SerFicdecSowrcelorgfis
— GoroHomePosaion .

Eventing
— Swdbscride
— Swbscriptiornbamdg

Discovery

— d=ilo

— FProde

& 55.CCTV &

Trainn Conmmmurication Network (TCN)

Bt e < [ AR




Drewvice ((PT)

Advertized by

c 3

ITosring service

IDewice Manasement
— GerCapabiiiities
— CetlDevic PGy rio e
—  Gef Soapre Poromrme fars
— Firvrworellpgrade

hieta Data (WD)
j oot R

Advertizedby

hictadata exchange
— AGer
— P
Eventing
— Suadscridne
— Subscripriosmndg

Dscovery
— Heilo
— Freadre o

Frosred semvices

Prowvide Video
Gethultimedia

Prowvide Info

GetStop

SGetStations
MNearingEwvernit
StopEwvent
ErmrergencyEwvent
CorrurrunicationEvent

Train Commuiurincation Netwrork (DO}

56,5k AR EE Ky & iR &4 (Passenger Entertainment and Information System, PEIS)
L

(OB EHAE

IR RAR AT By © TEBRAFE S B A S B b FE A e g
Tk D TG A FRRSE ~ B DTS FIBE SR ~ U E AR AR 2 A T &5 AR s ] &
HAfE A ~ RO EEIE 2Tl ~ BOEERAR - B2l
BT ~ BINESER 2 B ERT LM [FHLERGES - BEs B
B TH ~ BRICMTANEAE - EAERTTS R RS o HATERE LRIE IR A
FDIS PEES » 8 4F IEC-62580-1 K EN62580-1 1238 » A 1 e IEC #7238 » £

B AR R (5 s v e R

ALY =

o
2 Draft CD1 cD2
2
I | : | | : |
2005 2006 2007 2008 2009 2010 2011 2012 2013

57. HAl#E B2 AP S BB E B
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[ ]
2 | SENSORS
IEC 62580-1
APPLICNFBOM A,Ppuc,gmn ﬁFP'-l‘-‘-'“"Oﬂ -- -
DE‘UICE DEVICE rmeg

CONSIST NETWORK __| IEC 61375-3-4 >,

IEC B1375-2-5

TRAIN BACKBONE

RADIO LINK IEC 61375-2-6

APPLICATION

[ S8.ARZKAK IEC KEAE » FEAE 2 HI B AiEs R i (S s 251

COMMOMN
FRAMEWORK

(P0)Z E5E (Rolling Stock)

1.5m3EH : Development of a limited express sightseeing train adapted to the local
region and practical implementation of a vertical vibration reduction system

CEILBUV EEH RN A B BB IE k)

e I ATUINEDE - IRFUINE201 1453 H 3T AR B C E adt L H A ¥
SEA RS - WAL ERER AT - 2B E AR R TE e MUE & (Ibusuki Makurazaki
Line) » {5 FIZEH/11,067mm Z i35 - EA%jlJ‘I‘I%‘”‘Béﬁ%ﬁﬁﬁiﬁ%Z%%%Eflxﬁ ’
T8t - BRERIE - 2RBOAE TR AHFZNUNELBDEREL - 28 H
PEFREBGIBENEREEE RN - 9l ﬁﬂﬁxﬁ*)‘{ FEAIRRHYE ERET) » 1EH
FLLHIAETIE - M AEER(ERS RPUERREANE M > SETEVITASGE Y HER
YR Z EEHREE R EE

[&159. F5 fE s 4 51 55 NER [&160.45 fE iR 4751 2 7 ME
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[E165. 51| 55 £ B ey (166,51 PR B (F P B TR

(HF AR
#[E 4 (Bogie) © MIHBHCKHE HY) » B iR ERZAHEZ—

LR A BN %‘I@EE@ TR UE T T o PREG BRI A R
Al B RRER 2 B B AR TR AR E R @ B AR T - DRI [ 2R et R
ﬁTE%E’J%ﬁT&HﬂE%?@:E@ﬁ M o FeHEE R 2R 20 A 23 (PR E - Sl 2
ARSI H A ATRES - & ?Ui“‘ EE R - iR R I AR G I i 2 R
B > (EYIEEAEER LM E I - MRS T /5H IS s B E T Eh ) o A
HEREIIE R SRR ERE AR BB - =B A IR R R
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| BiFREEL e REE 15 HiEsat g e oS EEt - B
il R S o S SN E R R HIR T TR AR e 2
R[1 B —Z8F-AY i {% B ] DABE ) o JRUINAE IR D o B R Bl _E R DA e ) 42
Z nlsEgh = 5 H/E a5 (variable vertical damper) £ - WEAERHE Y H ARLIR > &5F
it A 2 o A TDIRE - jﬁﬁ?ﬁsﬁ%ﬁ%’&(rear bogie) b2 HiAR g » &R
By BB E(PSD) » PSDEa TR P & st R 5 NI 738 B N A -

67, JR LM 51 E 2 [ 242 [E168. 22 #8PP H SRS 5 B 2 ] 2

| .i —
- - L . - L . i - o
I'N' Rigid body mode vibration
E‘\J‘__‘_-‘__‘ /f-—N\
Lot}
g e==he
= 107 4
oD -
o i
5 l'l:l"==—___i‘IIIIr =2 |
= ]
E 107 | = i
m —_ -]
L 4 |
L 10
=1 0.5 1 2 3 4 5 8 10 20

Frequency [Hz]
E169. I ZREN 1) 7 BC S E (PSDE s | 2 A F

QFIHEHESS

PHJE (damping) /2 fE EATIRB AR SAEIREN T » FHFSNERI (AU AR YT ~ JBE
BIE R ZEA S BRI FENS ARSI 2 N ErRrE - DU —F i
Ay E(ERE - [Hfeds st s e — 1A F I B R MACRSR IR B KR REEhREHY
BEE o IRIUIMMERE(EE B EhER S 2 b - iz B T (control unit) » PAH

a7



R AT ) - MBI E S EhHE HH e4s - ml A [F 3RS K

J31E

K

i1

SECNAOHI S o5 S B BT B fH e ss 2 - ARV EEED L SE5

HEg AR Z BT HHEEE -

<Top vieyw> Accelerometer Cpntr{al unit

G

@

—Te— th'=—e

<Side view> ,

@R\Vari_able secondary Running speed
| vertical damper Running direction——

|
Variable secondary Accelerometer

vertical damper

Damping force
control valve

ariabie vertical o
damper B 7 AN }' TN

[ 7 1L IR UM 2482 SR B H e ss
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Characteristics of variable vertical damper
12

-~
-~
S~y /

Damping force [kN]
® A O » ®
0
:

I
1
I
|
|
|
|

“m—a—o
12 !
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Command current [A]
fE] 72. 2 Fh 7 B H feasH R
OV R HrE ERE

FH DN 2 23S 2 B BB IR - FHE A S BRI BT - PERI s TE
EAMHBASUE > FHE S 2B EE B e - EH BT R e & 255
FIRAGRERVESE » T EEE)EEHE s TR ZEE IEE > [HEss0EE
72 Hsky-hook#ZE/i7% » A EAGHEEN (bouncing) ~ & (pitching) MIE B (rolling) %
e HERFURESES > EINAEEEEES SR - BEaEE
sky-hook gainf# » ZEBENNIERE K sky-hook force Bl &tz +8 » Wi A EF B EITE H
FHIESS -

In driver’s cabin

Accelerometer Variable vertical
damper

’ )
. Auxiliary seat
I Control unit l

73 I BT~ IERA B Es K B EE HIH fe4s
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Control algorithm

Desired dampxtlng force

Bouncing \I Filter |_>| Sky-hook gain
P't—9—>|‘3h'” Filter | Sky-hook gain |———
Rolli

9] Filter J[ sky-hookgain }—

Mode
siparatlon Command

'
874, 72 H R RR SR R R N A (R U

Bouncing F— Band-pass
* e e filter )
-_|—> Mode Calculation of

separation phase difference

Pitching Zz Band-pass 1 Moving
filter average

L
Accelerometer
for controlling dampers

E—" e~ | Front failure
o 70 = .

S sof—— ~—— | No failure

o

o

550 b Rear failure
@

& 40

= 0 5 10 15 20

o Running distance [km]

(75 2 87 HH fods 2 shan U EE
(OB PR R DR
ECHR D T E RN 2 SENE - RT3k hAY R - A A e A
BNy S E (PSD)RMEE - §IH % B B EhH B k) = 5 E B 40
{E > Jsk/04.4dB IRV HES THR T AL ET S A A > 66% LA EAYIRET &5l > 1l
HEFHFIEENEE > EARENGE

Vehicle running test result

107
0.5 1 2 3 4 5 8 10 20

Acceleration PSD above rear bogie center
{(Running test on a commercial line at speed of 73km/h)

[&76. 5V H B G R (R [ H R B A A S
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2.5 RHHE : Next Generation Train -NGT an innovative vehicle concept for high speed
rail (REAFIEE S B 2 BIFT 5 EREE)

R HARFIHE (Next Generation Train, NGT)HIME S AR A Sl ~ 57 - 545
W~ HETERRIRAYYIEAR TS « [EHRETTHE - 2 AR 2 400km/mbA b o B
PTG O ~ B S SR E S EE T A Bl « R8T 2807 T - G R 247
AU A {181 B LA R Y L TE 2R B0 2R D B R S ~ RIS o ~ DA PR B A R 2
4t EIE AR SRS - & N HE SRR T B R B - A B R R S A T A
*%’jﬁﬁfﬂﬁﬁii}%ﬁﬁb# R (EREs A LRE A I E SRR - R AR

~ BB REIR T - FI I SREN 3 (Aero Double-Wing) Y58 22 BB ) iE A - AR
L*&ﬁéﬁiﬁuﬁﬂ&ﬂﬁﬂ H AT e A By = R PR 52 o JESH R 2R
HAETT - BER » M ERITEESE > JHFEN S ERA BN+ 2 —  FERER
BAEI ~ Bék o i i U] N B AL (B3 ?ﬁiﬂﬁni@lﬂ/u(German Aerospace Center,
DLR)$HE MRS T =F50E - e iR E v #H - w2 e AR 55

R By s A FEE Ay RS Eﬁamﬁ B ~ s
Ji e &7 4 R DUy | e PR 7 2

Ultra high speed passenger train - NGT HST

S —_ R T

High speed feeder train - NGT LINK

Ultra high speed freight train - NGT CARGO

& 77 A B T Lo Y = R AU E
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Fl 78, FRE B 2R T A B S MRS F B

(R EARFEEE TS
S HEETT AR~ BYOMRERER - Badhle - BPTRGT © EREARGT R
SRl - S AT - SRR - R G U

Vehicle Concept

propulsion car body entrance and exit coach intersection
=  wheel hub motors = different frame 7 doors on two levels 7 innovative concept for
7  contactless energy construction with -  passenger flow concept short couple distance

transfer sandwich infill 7  separable, autonomously
= auxiliary power for -, dniving units

transfer runs
power head ...
- virual coupling
- active crosswind

stability
7 tunnel enfrance nose s 2 i,
2m 3 20m
powar unit and : Bx trains are operating az half-traing
baggage area __-' with 8 frafers
running gears brakes interior fittings operational concept
=  single wheel - double wheelset =  recuperative 7  FRP with natural fiber 7  dynamical train coupling
7 single wheel - single wheel set - aerodynamically -  LFl process with PUR 7 dnver assistant
=  achve damped wheels =  mechanically =  acoustics and air conditioning

(79, ZX A B A

QEERRERERE S EHST)EAER

TEEE = AR PR AR BEE 1,435mm - AR T Ky H 83,0008 H
EMU18MW (fE460km/h 2881 ) » S35 88 T 400km/h » S B FRERER] /. B (T£440km/h
) - S B RAH Ry AR aHAH R 55 B ERAH 2028 R - 36 8001 B
{ir(40% RyHFA60% R EVERR) » FIH RB—ZE5] » B—dmih - P Aot - 12
I 104H) » BSHRER ] ¢ BRI 2/ NRF4557 ~ BB 12
/INRF ~ FEROK IR L I/ INRF 1677 » S5 D08 Tt = 2R H R Y | B e Aonh - (E 7R3/ 1N
4753 > Tk OTDH ] ©

52



] 80. 12 B 2 - i3 R R Z 4 B (HST)

©L IR N ey

B B T o AR RE B AT AE 2R SO - AR N - A
b b MR ST 2R - EREH 6 SR EE T SE S ke
mEs BN H G ER A ERE (R A 55 E2,600mm ~ T g A 515&600mm) ©

passenger Floww Comace ot

;._|
Y gume-E-N-B-E-N:-N E:=

B B
g, W= EEREREEE =
e Eﬁ

Bl &5 R E B

il

8 1. iR 73 Z e RS (A R AL B4R ~ 73 R EE LR 4R)

Horizontal Separation of Classes

doors module

[ 82. ¥ feg L B a TR B AE B T &g H & FIRF

Light Weight Construction Method

optimization concerning
structure shape

parameter controlied FE-model construction/
CAD-Model of body ra[]car bOdY tvpes topology optimization

panelling/’ thickness optimization/
detail optimization dimensioning

[83. PR FHESE EAPRHE L B ES i
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Trailer Modules and Construction

doors

Modules running gear

passenger
running gear
car body and frame

like honeycomb pipe

fibre intensive segment from
reinforced sandwich-elements

Combination of different constructions

[ 84. EEAG AR (DU BIR - Bk AE IR PRI phas =T e sl
(4)7 | B SRR E

0 Bl 488 0 Rz VS s o R 1) R A T il AR Ry 25em > B R AT 7 1 AR B i R T
35cm » E RS/ 30km/h 0 F R EESERAE R /N 10em 5 BRI AR R
36km/h » BERGERYE R FE Ry THEA 2 50cm © Rl 4R (crash levels) {4 I B HG K
HRSITA A [E > R A0 - RS S A AV R B S R[] Wi S R (B s
RIRIG 3 2 B TR

Truck

Cargo wagon

850 mm

21000 mm 350 mm
250 mm

Distance from absorption area middle to car front wall 25 cm

= Compression length at front wall 35 cm
maximum compression of car body at crash speeds < 36 km/h < 10 cm
= Compression spare area (red) for speeds > 36 km/h 50 cm extra

Absorption lengths for end car nose under investigation

[E185. 5B Rl W Ut £ FEE (X B G BD AL T A BT 5]

Crash levels of the end car and between intermediate cars

EForce Force

Level 1

Level 3
Level 2 Level 2

Level 1

Displacement Displacement
reversible

86. 5| B T 4R KR AG EO AL I A BT 5]
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glass fibre

size 1 : 5
display
InnoTrans 2012
crashed

with 6 t
trial and display
InmoTrans 2010

(87 LAL: 5%/ N KRR 2 A% R B A (A _E [ /2 75)
FE 1B 2 AR T B2 - R e B A e R Al B 1R R (- P B4R

AERHVER (A0 _EEAE T7)
NGT HST at InnoTrans 2012, Berlin

fibre composite force flow optimized chassis
segment -

= mechatronic single wheel
| single running gear

standard environment for HVAC| development crash element nose

E88.20124F- 1 InnoTrans, Berlin & 4 2 NG THE = 2R ik 2 ¥ e A b s - BudE © f2fE
Ly N /’v‘k‘A

(B AR AU A TR ~ MR HE S 7 BE—iini ~ [Nl ) I MEERTE R ~ 158
HVACZ A2 TH 24t

B ZEm EE R Y B (B RG  JR DR R ] 22/ S0% L | ~ SR bk SR
TR Z BRI IN30% LA b2 ke i) ~ BE R RO L S0% L ERYRETRURFE)

(&89, FE R A AF AL A SR 5 AR A
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(T) B % 2 (Safety)

1.5w3EHE : Advanced approaches for common safety targets and indicators for railway
operators and infrastructure managers

(FI B 1t So i 7 A T S 1B R AL i )

B 22 225 3 BT AL 2000F20124F » 30,0002 AV EHER] » 11 B 5 SR AR 1B
N E R DET AR R SRRSO TR RO 2T - %Amﬁﬁa%ﬁ
Ze -~ TR AIEAEHRE - WL BEACmEFOT)E AL En I E
BB > B FEWZ SIS (B RS - W EE - N - AR
TR Vs 2 TR Ry B S e e B iR
B o i LA R B A B S I R > A AR A (e
Biieidin w2 e sl E > Y EIEREY - EEn S E SR R A
EETHEZ 2 E (T - HEIRAS0E A - 51,0005 5 A BA 1220 B 2 SR #

EEE:A0AE) » H5,0004 K% - & H Y HEimAEEEELY274,0004 B - S5 E R
3228 R > 20(EIEHA IR TS £ 47 21{Ifﬂé§ﬁ7§aﬁ$ﬁ/ NEE 0

[T P —— E—

GO0 - S | BERELFIE « 051 5098 - ELIRES - BT
INEE ~ i
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(DR LETEE

FEER T ESCEREZ R R ESE R R - R AL TR (safety
indicators) ~ Za&fiZr 4 H i (safety targets) i 2484 & 4% (safety performance) » HAH
itz - GG TRERYZE R g - RS R4 2R A ST S LI FR A i e
(FODEH Z =Lty » QARG LB SR EOTVEH Y S L 16T
(HETHFEREMTEI0% ERR) » 11T R B AL 2 EHT - TR RG ~ F - JRIR SR
iR B M FEAE -

System of safety indicators|

Incident
database

&1 F &t L e e AR

System of safety indicators (railways)

Safely Indicators

[ 92. By L3S Z 8 B LA
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QEHEZ &R AR TR

FIFHER AT (A0E93) - B EE ARG — H ir 8 AR B E - Ok
Ry P2 2 e ERIR(EE ) - WLAE—F2013-20 4FHYERIZ T -
AHEEERIUESRROR DB TR 7 eI e (RER L 25 E
FEEEpR B REE > GREARER 7 2 RAE - T F A Z8t TR (Al
[&94) > FEREFFER N F] ~ FRIER - MG LSS R EEE ~ PR 2
[EEEE - Ml e 2 BRI - TESATERIR - PrEEZ TR RHEGER -

Methodology and tool

Galuation result \

. Target not reached

o Target reached
(Warning)

. Target reached
\

=
T I T T I T =

Number of incident per month

2009 2010 2011 2012 2013 2014

(819322 e FEREE 2= i
Methodology and tool

s

2‘
| Company selection I —_— m » 5\...._“,& "‘M‘H? . /

=

| Indicator selection ! —_— ....... A I= ; _
Safety performance :T— e ]
time span I L L . .

| Safety target time span I _...‘_7....._._.,_.:f.'_";:."”':"'"'""" §

- [T ——

(894, 2 R AR A A AT
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Tool screenshots

Frequency trend L Frequency distribution Indicator breakdown
T = e ————
e . |
¢ gl == - I
: B ! H I I
o 1
Severity trend o ~ Severity distribution Location breakdown

Ed

| .- ".-- . - i .!‘E i—_‘l—

Mo e T

[&95.2¢ AR Z et o AT Elts - FHEE RS, - BHEURRIIM - LT
REULE ~ BEFNES - BEEHM - &7 e B S

Tool screenshots

PO

IR STRTE] 4 ' K
L Prdschischon C
Blse

. Fwi:o

2828 EE-NI ELT T 2u

l96 (R SR A A S A bt G KR

MHRR S 2 AR L 704 - (i L HVsRES ~ A5 - ke B AL e S
N E] > RFEMETT SONE e LIl i e e IR E R
HIERA L EREE RS BOE A S T 2R SRS - e
HistadE) - HEER A SR L 2T > SEhE ] S T
Ftgize eatR » WaREHESET o TR - i LB s R - sET
Fref st e KA RE e e fe e L R BRI 0 MR T4 T e et
5 AT 2T -
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(PN B S & B R b(nfrastructure and Electrical)

1.5m3EH : Contribution of Terrestrial Laser Scanning for monitoring and inspection of
railway infrastructure

(FI] P £t T B A i F AR B P A A E R PR B B e

BB SNCFES4Y » )2 BIOM A % 5 B4 < Ss4Es - BAS8,0000H 2
FE4R > 17,00080% 5. - £ H H#E g 1 T8 AR o K THEL S - 7€ ke HIE: (8
PEELRRSA EAZ B TR S AR AR AT TAH R AT - 4B AA H GPSH#E R
a1 HIE72(GPS Tachometry levelling) - {EHh Ay 0] B 17 5 1 K BE e g8 R RLE R it > 4
BRI - ARG Ry R R R BRI - B R E BN E - A
ENEE  BINRE KRR RPIKIB R 2 725 R A R

TE A - L T RIS S B S it S AH A B RS o B A BB IR 2
Jik - —ERUITRERETHY -

[197.7 BB # SNC Pk % 1% 4 ]
(1)t T B8 S i

b AT R SR R AT (Terrestrial laser scanning) /@A FHAFRE B 541 A (static laser
scanning) #31 TEfy i & E {i7 £t (mobile mapping system)RfER M > K RSDHIEE
(3D geometrical information) 5 2 A4E sl Sz B4 % (spectral reflectance) 2 RGB =7
&l - BERE R BRI ARG 2 Fr e Ry - B R E A L E RN GIRIE 2 B EHER
HNEREREER00A R - IEHEMERTEE LA ST T EhHIIE E M S8l 2 o ks
FIFHGNSS ~ odometer ~ INSEZflT#EfTHIBR E (L - BP A ELA —H —TEENMER
g2 EEHER - BEAZ BEEEMRES)  IEMEMEES A b > Bl s BIR

J5100km/h
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Terrestrial laser scanning
2 methods : 1 product

e—///\ \

Static laser- Mobile mapping Point cloud

scanning system 3D geometrical
information : XY Z

Metadata
- Spectral reflectance
- Color information (RGB)

I 98 3t [T B S s i

ETNSS antecmna
+
I'l:le-ttla[ I‘!-!-'legatiw

Lassr scanner

[ 99. 17 Byt ] 1 (7 Z &Ry

(2)3DEER N H B R
AU FH T B SR S 0 (R ARG R SRt AR T RN B 2 (07 5247 > P2 Rliy3D
L B B A RO RS A BRGB =& A, AT A RSB AR B R 2 ~
AR EEGRE - APRELR YR B - AR
i HHERIRER ~ BEE A Rl ] 27 R 8 2 (i 12 Sosth PR e tH R B B
B MR - BIRHSRHRERE LRI TIEAE - FEME A E T b > A THR S
SRPTEE Z BRIERF (5 (R MR i S AR Sl - 08 DAGIS 2t AT i (b AE
B> DARC & BZRIR R FOK SR 32 R okl -

. Point Cloud

' Track align mentj

——— Equipment diagram|

-

100. 805~ 3Dﬂt£§"“* éﬂ‘ﬁ
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1012 $Z%Z3Diﬂz£$§§ﬂ S

103 AR i 2] 2 D3R & ER A

[ 104 F5 1% 2 3D E R AT
O)TEEE AR & I8 7 S PR B st It B 12
TEBE SRR S A0 T LU BEM I - LB e A R I B A I e B AR AT

HY > i E R E [ B0 S B R AR R 2 s B IR - DA BT Igr ik
o —HEETEA - IIARF R RN o S T DRI @i
HFEHE > oA A GEZE R (Unmanned Aerial Vehicle, UAV)#E A RE 2015
> EEE N TR (B RS H R - 22T il — B T LHES

AT E/EU(EE%EZ@L EH[E - BT RIE - Ik - A RE T E IR s A
wealit » AERUSAHRIECATE R - WA ETHE 70 M S B oo A -
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To geological analysis ...

o Fy |

Reinforcement works

Image solid visualization

[ 1052 £ LAREAT Eadsk 2 B BE P22 B O3 AT

Low point cloud density

[l 106. & e it B e 22 B o AT [ 107 1] i di A\ B2 R M T e 2

HE

T AEE S £ > e D B B R e WS
ZE B LM RSB E - MG E B S e B AR - R
SERHT IR AR > FI RS EE AT - ISR RE3DIRE R4 P & - R
REEH2DVE - IR E - AIFIFZERIET A > G40 S5 - ALMREL
RUEREHGOE » ARG H AR EN « +RTAE Z BHJE (damping) i = < fERE - F I
] 5 ST BGIS B - Bl TR bR S &5 EHE ﬁﬁféiﬁj@TBa

{58 3D B Rt FIRy B R OB MBS ot - (WA E R e - Bl
R T57% - ALk D IR R R AR PTG i a5 m/ﬂwmﬁmw%u
£ BRI RO S A M EA R 2 B A R Tk -
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()& B E 7R (Economics and Policy)

L.z HE © A nested logitmodel of transit mode choice of multimodal public
transportation using smart card data of Seoul

FIHEBSEA AR ER  ERE T RS SR En R U R EINE
HEAEAY)

PR R BRI R E R AKEFITENEE > H1996FE2H > HEETE
PR EER 2 T A RA - 19966ETH » BERMEAEAAEEAE L 2004
R Erﬂﬁﬁﬁ NEEHZERFELHL > 20005FHE7R I 2 8 B K FOE £
4t o AEIEMAERGATA EBEEERTIH0.2% » FHBUERE R RIS AR
fEREER Y AR > Bl SRS EERETA S ERTEHN50.6% f%ﬂ
BURHET— R (One Card All Pass)AVETE [ BRA200(8 5 2 3@ i 2
B4 » DIRFER J7 A 705y M F A0 i i e R R e &k} ﬂuuhz‘z%?ﬁﬂﬁ
Mt BFIRE AT AIRASSRECR IS -

\

“One Card All Pass™ : Ep—
in Korea, _‘@ Trip-Separated Trip-Chain
(2013) e Ei_”é AN HA-YE T4
" = ]
&’: o=
! . ! wa{.‘gi |ﬂlaIﬁD X
A og O i e LT
&-4 L}O W) e
&£-B-8; = T e
i 0=
108.%‘—7%?@. [E109. B 2 REEE T B/ 0V AR i 115

(VEREERERHE TS 2T

FR200(EF 23 m E i - R E RS RRERNY » EREY D PIRE R A
AR B MR R BN TEE G E R YRR F - T
BN TIEREA © HRaA ‘MﬁﬂrLiZ?FEE%“%Z : &Lﬁiﬁﬁﬁ%ﬁzw‘@i BRI
Gt ~ S SRR R R AR IR LB R R R T AT
ﬁiﬁ’*”*ﬂx‘fﬁk%ﬂ%%‘fﬁkﬁﬁ%°"“/ﬂ ‘%)& ﬁﬁ HERERINER RERT

PSR SNV AR - B ¢ I LR E R, - HUREE - RREHE - 4
”r FEZE A HISASO.2H1Ultra Edit » B&AE 3 HTAEZUE A TransCAD 5.0 = FRUBFER
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AT B0 2 A s A il ELAERET T T
AR S RERL AT AR B A A A
fH -

& e R ISR - FI A
H 217 Rt5 st E E(E

. | JData filtening by error and missing
Establish low data

_ Establish analysis network and O/D data with transfers

Analysis and evaluation of traffic characteristic . Spatial and time Analysis of transfer trip

_ Influence factors by modeling of mode choice for

Analysis of choice model public transporiation

< Summary and conclusion

. Future study
&l 110.6 B = R ERHE TG i iz

Findings in general and specif

[nformation Description Example
Card ID Card number for each smart card <
Departure time Bus departure fime 20120822152108
Transaction I} Distinguished ID for Transfer nil
Type of mode Bus(local/main/feeder/metropolitan/cirele bus), Metro 201
Humber of transfers Number of transfers (from 0 to 4) 2
10 of bus route Given number of every bus route 41030010
1D of bus company Given number of every bus company 1725041
10 of vehicle (iven number of every operated bus 141711417
Type of user Adult, Student, Children or Elderly 1
Boarding time Boarding time (year/month/day/hour/minute/second) 2n120322175738
10 of boarding location | Given aumber of boarding bus/metro stop 4102238
Alighting time Alighting time (year/month/day/hour/minute/second) 2012032218034
1D of alighting location | Given number of alighting bus/metro stop 4100762
Number of passenger | !umber of passenger 1
Basie fare Starting(base) fare ann
Additional fare Additional fare with distance n
Travel Distance Distance from origin stop fo destination stop 3210

[l 1112 A R S R RO Z R 2
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MNumber of
Tty In-vehicle

Number of  (from 0 Transfer Sk Metro Bus
Variable  passengers to 4 per time - nI;r_trtrlme mo [E,l.:fr D'(S'E:_ﬁce distance distance {IE\?UT;I}
(persons) imgan to  (minutes) (minutes) (kmj} (km)
destination
trip
Number of | : | I |
passengers 95,266 D44 573 3173 3046 168 1].14; 1229 449 10112
(persons)
adult 72040 046 5.79 3369 3177 1727 1199 1298 465113814
Average Student 17456 043 551 2382 2303 1521 744 87 396 81132
by
group  zenior 3715 o 391 306 3055 887 115 1149 21 6.63
other 2,3555 |

IllZﬁ“Kﬂ%ﬁ?& i 1 A 2R JQE’J%M

st Tsby  Ratioby

Bus 4932789 35.64%
Metro 4,583,087 32.83% g s BE 1%
Buz-Bus 1445025 10.34% 4% ___0%

Bus-Metro 1,081858 7.74%

Metro-Bus 1143568 B822% ! Gl
Metro-Metro 25768 018%
Bus-Bus-Bus 206,750 148%
Bus-Bus-Metro 43732 0.31%
Bus-Metro-Bus 301,957 2.18%

Bus-Metro-Metro 6223 0.04% 9 ST

Metro-Bus-Bus 40080 035% -
Metro-Bus-Metro 4985 0045
Metro-Metro-Bus 6,196 0.04%
Metro-Metro-Metro 12 0.0:0%
Buz-Bus-Bus-Bus 31113 022%
; 0.00%
Metra-Metra-Bus-Metro 16 0:00% A i A Hog Wig M2z W3z Mag
Metra-Metro-Metro-Bus 1 000%
Etc. 17982 013% 4 17982 0.13%
&7 13979994 10000% _ ... 13379334 | 100.00% ol

[l 113 Fr A s 2 2B T Rts et - BRI ARAR A —KEER(595% LA L » B &2
SR A% LL |

)z ~ WA R L EE

FIFGISE R iis » ZZMHIEZEE KGR » S st & Byt &g
il RAGERARZERER T LSNGE » FELBERKIVERE - o WiHEE
BEEE20IIFIA3IH - BRHE 5 B 7 IR s R (6:00~9:00) ~ B e e 16§ [
(9:00~17:00) ~ T AFLRAEHFFE(17:00~20:00) ~ T BRI L (20:00~23:00) © <2 i E A
HEZEEERTAHEZD L - FFe@HEE L - PRERE L ~ RS )R N5
ENSTE

66



*  Bus station
——= Metro

S

11 14, 5 i A ST T S 2 45

)iy bt

FHZE AR R SR8 B AR A TR A AT SORIEA S A BAH & 2 3
F - FHKTRE R AR B LAY %ﬂ*ﬁ%mm@f%‘iﬁ I ﬂiu(MML) » H LA
?&%KEH’%MML@ ”/E‘T%ZKMF'%%H—J SRR B A MRS R FR
BE RN 25 B A8 i i HL SR I 7 AR R A R (NML Transfer Choice Model) > 2R 53#t
A HHRER H AT B \Zﬁﬁ‘@ WOESRIE T A (R 12 | 5 B A i ELISE R 2 4
AREEFHIEAY | ZALETEER -

MNop MNumber of passengers (persons)

MNTF Mumber of transfers (from 0 to 4) per origin-to-destination trip
TFT Transfer time (minutes)

nWTT In-wvehicle transit time (minutes)

MIVTT Metro in- vehicle travel time (minutes)

BIVTT Bus in- wehicle time (minutes)

Dist Distance from origin stop to destination stop (km)

Mdist Metro distance from origin stop to destination stop (km)

Bdist Bus distance from origin stop to destination stop (km)

Fare Starting(base) fare + Additional fare with distance (KNW)

[ 115 AL AR S

NTF TFT FARE MODE IVTT MIVTT RT_M Dist MDIST RD_M
ITTF 0.714 0.154| 0921 0.082 -0028 -0211 0.1IS 0027 —0.18
TET n.107  NB8Z 0043 —N.0Z9 —0181  0NTE —0.046 —0.181
FARE 7141  o0.0b4| nos7 —0.0s7  0.282) p.ies —plosi
MODE 0.066 0DO17 —0.087 0.142 0081 —0.034
vTT | n.e4s| 0nos4d 087 o2sl ooss
MIVTT N2e4 0.2343 0417 0296
RT_M 0268 peis| o0see7
Dist .86 0.266
MDIST 0.62

RD_M

[l 116115 % B A Bl & Z S DIRE R
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Model 1: U; =a; + By MIVTT + B, BIVTT + 5 Fare
Model 2: U; =g;+ 3, IVTT + (B, NTF
Model 3: U; =a; + By MIVTT + 3, BIVTT + B3 NTF

Where:
Uj - deterministic utility of alternative j,
aj - constant parameter for alternative |,
Bn: parameters for attribute n,
MINVTT: In-vehicle transit time by Metro,
BI'VTT: In vehicle transit time by bus,
IVTT: In vehicle transit time,

NTF : Number of transfers (from O to 4) per orngin-to-destination trip

[ 117 B FE AR A Y THRE S

[l 118, Bt A B AU (MML)

o

WITH TRANSIER

) MODELL MODEL2 MODEL3
fltthle parameter) SE t-Valus | |parameter SE t-Value | [parameter SE t-Value

Metro 030 o001 -2379 0.41 00l 3670 -0.28 001 -1952
Bus-Bus 042l ooz  -z748 0.41 ood 256 0.41 003 2534
Bus-Metro -108  ope|  -e272 0.21 ool 1158 024 002 1315
Matra-Bus 31 oot 2247 0.24 o0l 2437 0.24 o0l 1604
Bus-Bus-Bus 044 o002 -28a7 045 00l 2639 021 002 -1122
Bus-Bus-Matra nesl  oo2| 377 045 00d 2641 019 ood  -101d
Bus-Metro-Bus 052 oot|  -3za7 0.29 00l 1924 031 002 -12.37
Matra-Bus-Bus 039 o002 -2488 0.05 ool 237 015 0.02 923
Metro-Bus-Metro 062 oo 4038 -0.04 0ol -287 -0.38 001  -2364
T 003 ood -6827

IMIVTT -005  o0oo| -109.98 -0.01 004 -2635
BIVTT 010 ooo| -179.05 -0.05 00d  -9673
INTF 130 001 -21339 133 001 -192.00
FARE 0001  oog  -5115

Mo. of obsarvations 95 266| 95,264 05,268
Restricted }og likelihood? LL(0) -206,825.2 -206.825.2] 206,825,
Final |ug likelihood LL(F) 171,095.0 -155,963.1) 1484303
Rho-square p:' 920741 026807 0.30242
Adj Rho-square o, 020739 0.2680¢] 0.30344]
Rho-square constant p'(C) 017274 0.24592] 028234

Metra il 4

——s.

Buz-
Metre-

Bu:

—
T
¢ |
TN

=
eera- Meme-
B- Bue-
Bu: Metra

[ 119. 25 B A i 4 L5452 7 S IR S ST AU (NMIL) 25
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#* NML Transfer Choice Model

: MODEL2 MODELI
Variables
parameter SE t-Value parameter SE t-Value

Metro 0.51 0.01 4384 -0.17 0.01 -1169
Bus-Bus 0.62 0.03 23.49 054 0.04 14.08
Bus-Metro 0.38 0.03 1377 -0.22 0.04 -5.29
Metro-Bus 0.54 0.03 2003 025 0.04 6.39
Bus-Bus-Bus a.70 0.03 24.38 -013 0.04 -3.08
Bus-Bus-Metro -0.15 0.03 -5.60 -0.02 0.04 -0.54
Bus-Metro-Bus 0.62 0.03 2342 -0.14 0.04 -3.66
Matro-Bus-Bus 0.2 0.03 13.91 035 0.04 8:35
Metro-Bus-Metro 0.25 0.03 9.95 -0.24 0.04 -6.28
VTT -0.03 0.00 -67.26

PATVTT -0.01 0.00 -23.93
BIVTT -0.05 0.00 -90.56
MTF -148 0.01 -192.87 -1.50 001 -173.48
FARE

1] Musm value gﬂran;iefj 0.63 0.02 3991 0.61 0.02 2719
Mo, of observations 95,268 95,268
Restricted log likelihood®LL(D) 13,0845 -2130845
Final log likelihood LL(f) -154.9329 -147,748.4
Rho-square o’ 0.27290 0 20862

fEl 120. 28 B A i 4 EL 43R4 7 i BB RS A (NMIL) (i 5 4 2R

P S R AT A (VIMIL) TR i 465 SR 25 B S a2 L 3438 7 el IR R i A Y
(NML)Z 7347 10fE B — Ko 2 KA Ty E%@%ﬂ%iﬁ%ﬁt  BESRIEAH B R
TR - HIRE AR RS > BRIk SEOERESERE
ABVESRRECE - IMERBEHHERE R R N ET -

fiag TR A BB SRR ] S BOR A I s ] 2 8 TRETRE B
EACBS AR A B - AR B R B 2 2 Sl B 2 AR
FAIINML)E R S AR A (MML) - S EsfeE BN SRR - 5L
B2 A Y - R RS R B FR KA R T /s RAAESENEERE
TEH B T B 3 T B e IR 745 ISR P 2 A SR S AT A o B RO T A S
U - MRt AEERN > B EeRikE &N NG EEN - &
e ADGE TSR EREGERE S R ER n Rt E BB ORI -

(JVOERE L& (Environment)

1.58CREH : Low carbon and eco-material adaptation method to railway vehicle through
the life cycle environmental performance quantification

(CMERRAT A= S AR S SRS 5 BN S B A i AR AT S BRI S AL R )

SRS Y B 2 B A e R AR AR AR UIC(EFS s Ik BE) 2 W o1 g
PREFAERE - 2R HIET IR A e IR PSR TR - FLp e fs - MORHAYEIR B »
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RE TR (SE PSR ~ 22 R ~ R Rt T Bl T A - T — M A an R S P e AR B (Life
Cycle Assessment, LCAYEMIEISO 1404426 FHI5T » DAL AR & A BRI N 22/
HIRIBAE 2 o8 - ISR 2 A anBIRE - (ERaM IS - Fleeat ~ 422
orHC ~ (RS - F—(EFE A TR A SRR T E IR - I 240~ IRIRE TV E &
B CLFE © BEEEY) - BERIEI - FReE A ERAEREE - e ERAEENVREREE

YRR -

Air Quality

[Key environmental areas, UIC]

& 121. UICKRTE = $ips 51| ER BRI A i i HA R A A AR
System boundary A

/ Non renewable energy resources
/ =4
Renewable energy resources

Production of Materials

=

Material resources

Emissions

[l 122. 51 B 2458 2 BR s P i [
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il
Environmental .- Il ; j—
Improvement = . [ hiise [t 1
| s
Imoroyament In Dswaloping optimized — e i
Environmental environmental 1 Al
performance Improvemant .
technology and —_— 0 = | TR
sugoesting the ggl el | Y ]
affect | | el |

Eco-Design

— =n-G» W

camnsinegn& 176 Tycle ste CEmeanant Material Recycling
| Energy & COZ stc)
Material i Energy
weight & Dtion maintenance Recycling
Lifa cycis Inventory detebass (LG Databass) 5
Gradle Gate graue

[l 123 (I — e A an A ST e AR AE(LCA) Z E Amifihe » o3 Reaseat ~ 2B ~ A -
e s

—.

y fg/ » 2.1 Energy consumption measurements pre-condition
2.2 Energy efficient driving CO; reduction pm’enn’m’z —p 3-10%:
2.4 FEco-performance of new rolling siock €O, reduction potentiol — up to 30%:
2.6 Regenerative braking CO0; reduction Potential —» 10-20%:

- EMISSIONS REDUCTION GUIDELINES

& 124. UICHE 2 — S bR BEIUEEAE > EH ARSI 2 i8S s 8 H & bk
BERCRERZ 0] ) 230%

(DR SUERIE B R BRI AR

FEAPRHEL E > BRSSP LA EZFHRHEIL - HITEAA + BRATAT I Z Bk
kL~ TRt RIORAR S A RRIR ORI R ~ DB TRETT ~ PRAEAE
,éfﬁ{f”ﬁ%ﬁﬁ ° FERETR(EFHRCR L > J77AR © RElRfEE » B EEECEES - (RS

LRI ~ PRAAEREREIR f/\éEﬁbfaﬁZWE%%E?ifﬁ ° FEZE AT ALV
b U3EAE SRR E R  TTHS TR - SR LSRR ~ SR A T
{LEPIPERR - (RIS R IATE %JJ/JE!Z//[J: J3EA Ik 58 2 T R MR
P (RSB IR E AIE S ~ BN A~ PR R ~ PR RS B R s
ZWEE BRI E R o
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International Environment

2050 e
~5380%||-50%

«Material recycling DB

+Recycling process -Eneragy Storage
- Recyclability simulator : + Lightening _
-Eco-recycling facility T s - High efficiency Electronics
- Recoverability —0%|-20% e = ~Eco-Eneray
«Eco-design [CO. emission] [Energy consumption] » Eco-0riving

95wi% Recydability Energy Efficiency

Air Pollutant | ajr Quality uﬂnlsaf“ | Noise
- Air quality monitoring asers - Wheel-Track Noise

-Particle removal -Low Noise & Vibration
«NOx removal - Noise Modelling
«\VOCs removal -Infra Noise

-VOCs removal - Freight Noise

- Comfort improvement +Noise Barrier

[Exhaust [I[]iSSiUI]]mn [Noise Vibration]

Local Environment

lity (2012)
AL AOSOMED — v ustainable Design and Procurement{2012)
3 UIC 345 — Eavir 1 fons for new rolling stock(2006)

[ 125. g3 Es 31| B B A T R DA S BRI Y R 2

QBHRY B2 EarEiRrE TR

M A Z e AMHBE &Rt ot - A A an BB IS R IR B (B P s T
A~ - HEEEIREY) - (EFROHS A& IR U AE 70 1% (Recyclability
Analysis) * SRES S B2 AL am IR AL TR LR - RS ~ N — A is A
H S e RN ~ P e BN B CRET R - ok E (=0 -

|| [Feature}

*  Simple use and user friendly

KL u=usraasy

* (Genenral Railway structure is embeded

» Simple error Checking

ga!| * Life cycle carbon and recyclability calculation
4| " Simple Hazardous substance check

4h: ROHS Analysis

S

& T — — o i e e e e

Recyclability Analysis

Main Input Sereen Life Cycle Carbon Emission
(Compenent contribution analysis)

[ 126. 8 p& Y1 B 2 A= i HIEHE TR
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(Materials) (End of Life)

Composition Weight(keg) Korea ME Database
Resin 935
Plastics 2,902
Paint 2,240 T compesition Landfill Incineration Recycling
Panel 2,765 FQ Anslyze — Fluke 1780
Composite 11,763 E—— Wood 0135 0296 0.569
Rubber 5,016
Glass 5,607 Rubber 0112 0.688 02
MNon-Ferrous 22,073
Cable coansction Ferrous 0.0745 0.0755 085
Ferrous 202,123
Wood 11,794 __ Glass 0319 0143 538
Electronic 6,444 =Life e 2Byr
I | U e BRSNS S
(278 passenger]
=Distance: 240,000km/vr
R =Total Electricity : 107 =% gbkWh
(Manufacturing) (Results)
= Electricity : 148,624.3 kWh / 6 car

- LNG : 21.032.8 m°/ 6 car Life cyecle Carbon Emission of Railway vechicle :

35,400 tCOz
[l 127 F A B 7 A= S (B AG 2 38 HpkIi 35,4000 — 5 bk

SMASltermnative lightenings immaterial

AL Ciarboads- 1

[l 128, B 51 B AR REAT IR Z PR (P B AR 5 Y S B S B O 2 i e <82)

Fo T OGERIREHETEE - ARG TEAARTE SRR RS TR =
FEATALGEIIEE: - (G ¢ ARREGET MR Al B - Y
Tl FHRE IR B B s R A A i » B T OB D BHRIS S - FI P AR e B 245857
T LEEZEYEAMEL - BALNERFEAMBEIZ TR - AR H
B8 > %(‘EEI BT Ao eE {*_Ji%’éJEFL\éﬁﬁf%’i{i‘erﬁ?% °

-zmm:- —
e r;rJdJern Fug-Ranyeling rm!lu

1t Mamnal &
i Marefsciumng

| Demand | ReHS - UIC 345 uic 330 =
[ 129, S5k S B8 F R O A e AR S0 BB SR S RIAE bR AV AR
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